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FOREWORD 

This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the 
Electronic Measuring Equipment Sectional Committee had been approved by the Electronics and 
Telecommunication Division Council. 

The object of this standard is to specify the terminology and definitions related to the functional 
performance of electrochemical analyzers used for the continuous determination of certain aspects of 
aqueous solutions and requirements for statements by manufacturers. It is also intended to cover the 
tests necessary in order to determine the functional performance and such tests. 

This standard is in accordance with the general principles given in IS 9176 : 1979 'Method for 
specifying the functional performance of the electronic measuring equipment'. Standard ranges of 
analogue d.c. current and pneumatic signals used in process control systems are covered in IS 7722 ; 
1975 'Analogue pneumentic signals for process control systems' and IS 7728 ; 1984 'Analogue document 
signals for process control systems (,^r^/ revision )\ Requirements for documentation to be suppHed 
with instruments are covered in IS 6756 ; 1972 'Technical documentation to be supplied with electronic 
measuring equipment'. 

While preparing this standard ( Part I ), assistance has been derived from lEC Pub 746 ( Part 1 ) : 1982 
'Expression of performance of electrochemical analyzers : Part 1 General', issued by the International 
Electrotechnical Commission ( lEC ). 

In reporting the results of a test or analysis made in accordance with this standard, if the final value, 
observed or calculated, is to be rounded off, it should be done in accordance with IS 2 : I960 'Rules for 
rounding off numerical values ( revised )\ 
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1 SCOPE 

1.1 This standard ( Pari 1 ) is applicable to 
electrochemical analyzers used for the determination 
of certain properties of (generally aqueous) solutions 
such as pH value, electrical conductivity, dissolved 
oxygen content, the concentration of specified ions and 
redox potential. 

1.2 It includes the terminology, definitions, require- 
ments IVir statements by manufacturers and tests that 
are common to all electrochemical analyzers. Other 
standards in this scries describe those aspects that are 
specific to certain types, for example, IS 13673 
( Part 2 ) : 1992 'Expression of performance of 
electrochemical analyzers : Part 2 pH value'. 

1.3 It is applicable to analyzers specified for ins ta 11a- 
^ tion in any location and to such analyzers having either 

flow-through or imniersiblc type sensors. 

1.4 It is applicable to the complete analyzer when 
supplied by one manufacturer as an integral unit com- 
prised of ail mechanical, electrical iM\6 electronic por- 
tions. It also applies to sensor units alone and electronic 
units alone when supplied separately or by dilTercnt 
manufacturers. 

For the purpose of this standard, any regulator for 
mains-supplied power or any non-mains power supply, 
provided with the analyzer or specified by the manufac- 
turer, is considered part of the analyzer whether it is 
inlegnil or housed separately. 

1.5 It does not apply to accessories such as recorders, 
analogue- to -digital converters or data a(;quisition sys- 
tems, used in conjunction with the analyzers except that 
when two or more such analyzers are combined and 
sold as a sub-system and a single electronic unit is 
supplied to provide continuous measurement of several 
properties, that readout unit is considered to be part of 
the analyzer. Similarly, e.m.f.-to-current or e.m.f.-to- 
pressure converters that are an integral part of the 
analyzer are included. 

1.6 Safety requirements are covered in IS 9858 : 1981 
*Safety requirements for electronic measuring apparatus'. 

2 REFERENCES 

2.1 The Indian Standards listed in Annex A are neces- 
sary adjuncts to this standard, 

3 DEFINITIONS 

The definitions contained in IS 9176 : 1979 and the 
following apply for the puq)oses of this standard. 

3.1 Electrochemical Analyzer 

An analytical instrument that consists of an 



electrochemical sensor unit and an appropriate 
electronic measuring equipment (hereinafter referred 
to as "sensor unit" and electronic unit respectively). 

3.2 Sensor Unit 

A transducer consisting of one or more components 
from which is derived an electrical output related to 
that properly of the sample which is to be measured. 
Examples of electrochemical sensor umts are:/;H, ioiv 
sensitive and redox potentiometric celJs, dissolved 
oxygen sensor units, conductance cells. 

3.3 Simulator 

A device which provides well-defined electrical 
properties of the device l>eing replaced, and which has 
errors that are negligible in comparison with the errors 
to be determined. 

3.4 Calibration Solution 

An aqueous solution of known value of the property 
being measured, used tbr periodic at libra tion and for 
various performance tests. 

NOTE — For the purposes of this standard, the values of 
these solutions represent the conventionally true values 
(see 3.9.2.1) against which the indicated values are com- 
pared. The values of the calibration solutions should be 
traceable to reference material according to international 
or national standards, or agreed upon by the manufacturer 
and the user, and the uncertainty of the conventionally 
true values shall be stated. 

3.5 Test Solution 

Asolut ion of approximately known value of the proper- 
ly being measured, which is stable in value over an 
extended period of time. 

3.6 Performance Characteristic 

One of the quantities assigned to an apparatus in order 
to define by values, tolerances, ranges, etc, the perfor- 
mance of the apparatus. 

3.7 Influence Quantity 

Any quantity, generally external to an apparatus, which 
may affect the performance of the apparatus. 

3.8 Values Related to Quantities 

3.8.1 Rated Value 

The value (or one of the values) of a quantity to be 
measured, observed, supplied or set, which the 
manufacturer has assigned to the apparatus. 

3.8.2 Rated Range 

The range of the quantity to be measured, observed, 
supplied or set, which the manufacturer has assigned to 
the apparatus. 



1 
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3.8.3 Effective Range 

That part of the rated range where nieasuremenLs can 
be made or quantities be supplied within the stated 
I i mi Is o f pe rfo rma nee . 

3.8.4 Span 

The algebraic d inference between the upper and lower 
values of the rated range. 

3.9 Terms Selected to the Specification of Perfor- 
mance 

3.9.1 Performance 

The degree to which the intended runetions of the 
equipment are accomplished. 

3.9.2 Error 

3.9.2.1 Absolute error 

The error, expressed algebraically in the unit of the 
measured quantity. For measuring apparatus, the error 
is the indicated value of the measured quantity minus 
its true value, 
NOTES 

1 Tlie true value of a quantity is the value that would be 
measured by a measuring process free from error. 

2 In practice, since this true value cannot Ixi determined 
by measurement, a conventionally true value, approach- 
ing the true value as closely as necessary ( having regard 
to the error to be determined ), is used in place of the true 
value. This value may be traced to reference material 
according to international or national standards or agreed 
upon by the manufacturer and the user. In both aises, the 
uncertainty of the conventionally true value shall be 
stated. 

3.9.2.2 Relative error 

The ratio of the absolute error to a stated value. 

3.9.2.3 Percentage error 

The relative error, expressed as a percentage, such as 
percent of span, percent of the indicated or pre-set value 
or of the rated value. 

3.9.2.4 Fiducial value 

A value to which reference is made in order to specify 
the percentage error, such as scan or another clearly 
stated value. 

3 .9 .3 L inea rily Error 

The maximum deviation between actual analyzer read- 
ings and the readings predicted by a linear function of the 
measured quantity which includes the indicated values at 
the upper and lower Hmils of the effective range. 

3.9.4 Intrinsic Error 

The error determined under reference conditions. 

3.9.5 Operating Error 

The error determined under rated operating conditions. 

3.9.6 Influence Error 

The error determined when one intluence quantity 
assumes any value within its rated range of use, all 
others lacing at reference conditions. 

3.9.7 Interference Error 

The error caused by interfering substances being 



present in the sample. 
3,9 .8 L im its of Error 

The maximum values of error assigned by the manufac- 
turer to a measured quantity of an appanitus operating 
under specified conditions. 

3.9:9 Repeatability 

The spread of the results of successive measurements 
at short intervals of time of identical lest material, 
carried out by the same method, with the same 
measuring instruments, by the same observer, in the 
same laboratory, in unchanged environmental condi- 
tions. 

NOTE — A time interval equal to about ten times the 90% 
respon.se time of the analyzer may be considered a short 
interval. 

3.9.10 Stability 

The spread of the results of successive measurements 
at much longer time intervals than for repeatability 
(3.9,9) on identical test material, carried out by the 
same method, with the same measuring instruments, by 
the same observer, in the same laboratory, in unchanged 
enviromental conditions, without any adjustments by 
external means. 

3.9.11 Operating Period 

The maximum time interval within which the limits of 
operating error are not exceeded, without adjustment 
by external means. 

3.9.12 Output Fluctuation 

The peak-to-peak deviations of the output with con- 
stant input and constant iniluence quantities. 

3.9.13 Minimum Detectable Change 

The change in value of the property to be measured 
equivalent to twice the output fluctuation. 

3.9.14 Delay Time (Tio) 

The time interval from the instant a step change occurs 
in the value of the property to be measured to the instant 
when the change in the indicated value passes (and 
rem a i as beyond) 10 percent of its steady-state 
amplitude difference. 

3.9.15 Rise (Fall) Time (T,, Tf) 

The time interval within which the indicated value 
passes from 10 percent to (and remains beyond) 90 
percent of its steady-state amplitude difference after a 
step change occurs in the value of the property to be 
measured. 

3.9.16 90 Percent Time (T^q) 

The time interval from the instant a step change occurs 
in the value of the property to be measured to the instant 
when the change in the indicated value passes (and 
remains beyond) 90 percent of its steady-state 
amplitude difference, that is, Tgo = 7^10 + T^ {or 7f) 

The relation between 7io, T^ {T^) find Tqo is given in 
Fig. I. 

3.9.17 Warm-up Time 

The time interval after switching on the power, under 
reference conditions, necessary for a.unit or analyzer 
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to comply with specific limits of error. 

3.10 Terms Related to Conditions of Operating, 
Transport and Storage 

3.10.1 Reference Conditions 

A set of values with tolerances, or of restricted ranges 
of intluencc quantities specified lY)r making com- 
parison and calibration tests. 

3.10.2 Rated Range of Use 

The range of values for an influence quantity within 
which the requirements concerning operating error are 
satisfied. 

3.10.3 Rated Operating Conditions 

The whole of the effective ranges for perfonnance 
characteristics, and rated ranges of use for influence 
quantities, within which the perfonnance of the ap- 
paratus is specified. 

3.10.4 Limit Conditions of Operation 

The whole of the ranges of values for influence quan- 
tities and perfonnance characteristics (beyond the rated 
ranges of use and effective ranges respectively) within 
which the apparatus can function without resulting in 
damage or degradation of perfonnance when it is after- 
wards operated under rated operating conditions (see 
4.2.2). 

3.10.5 Conditions of Storage and Transport 

All the conditions of temperature, humidity, air pres- 
sure, vibration, shock, etc, within which the apparatus 
may be stored or transported in an inoperative condi- 
tion, within resulting in damage or degradation of 
perfpnnance when it is afterwards operated under rated 
operating conditions. 



4 PROCEDURE FOR STATEMENT 

4.1 Manufacturers delivering complete analyzers, or 
sensor units or electronic units, shall provide state- 
ments on the following. 

4.1.1 The rated values for the perfonnance charac- 
teristics are listed in 4.3. The rated values for these 
performance characteristics shall not be outside their 
effective ranges. 

4.1.2 The limits of error are listed in 4.4. 

4.1.3 The performance characteristics are listed in 4,5. 

4.1.4 The reference values of ranges, the rated ranges 
of use and the limit ranges of operation, storage a^d 
transport, forall influence quantities shall be stated and 
shall be selected from only one of the usage Groups I, 
II or III in 5. Any exceptions to the values given there 
shall be explicitly and clearly stated by the manufac- 
turer with an indication that they are exceptions. 

NOTE — The analyzers or electronic units may cor- 
respond to one group of rated ranges of use for environ- 
mental conditions and to another group of mains supply 
conditions but this should be clearly stated by the 
manufacturer. 

4.1.5 Maierials of Construction in Contact with Sample 

4.2 Statements shall be made on rated operating con- 
ditions and limit conditions of operation in such a way 
that the following requirements are met, unless other- 
wise specified. 

4.2.1 The apparatus, while functioning, shall show no 
damage or degradation of performance when any num- 
ber of performance characteristics and/or influence 
quantities assume any value within the limit conditions 
of operation during a specified time, or, if no time is 
specified, for an unlimited time. 
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4.2.2 The apparaUis shall show no permanent damage 
orclegradalionorpertbrmaiice when being inoperative, 
it has been subjected to conditions where any number 
of influence quantities assume any value within their 
storage or transport conditions during a specified time, 
or, if no titne is specified, for an unlimited time. 

NOTH — Absence of degnidation of performance means 
that, after re-establishing reference conditions or rated 
operating conditions, the apparatus again satisfies the 
requirements concerning its performance. 

4.3 Pert'omiance Characteristics Re(|iiinng State- 
ments of Rated Values 

j) Minimum and maximum rated values for the 
property to be measured (range or ranges), 

ii) Minimum and maximum rated values foroutput 
signals corresponding to the rated values as 
given in 4.3(i). 

These signals shall be stilted in units of voltage, 
current or pressure. If stated in units of voltage, 
the minimum allowable load, m ohjns, shall also 
be stated. If stated in units of current, the maxi- 
mum allowable load, in ohms, shall also be 
stated. 

For the analyzer or electronic unit, all multiple 
outputs shall be stated additionally. If a capaci- 
tive or inductive load will influence the output 
signal, this shall be specified. 
If the analy'^er output signal is eicctricai current, 
see IS 7728: 1989. If it is \n\cmmi\c, see 
IS 7722: 1975. 

iii) Rated ranges of use for sample conditions at the 
analyzer hilcl for an on-Unc analyzer, or at the 
sensor unit for an immersiblc sensor type 
analyzer, including flow rate (if appropriate), 
pressure and temperature, also the rated maxi- 
nmm rate of change for sample temperature. 

4.4 Ern>r Limits to be Stated for Each Specified 
Range 

i) Operating Error 

NOTE — Forthe purposes of this standard, rbestaled 
operating error of the sensor unit or analyzer does not 
include effects of interference errors or effects of varia- 
tion i n sample temperature or pressure. These are staled 
separately and shall ho. ainsidered as additional to tlie 
operating error as stated by the manufacturer. 

ii) Intrinsic Error (which applies under reference 
conditions) may be staled in addition for com- 
parison and calibration purposes. 

iii) Linearity Error for Electronic Unit or Analyzer 
NOTE — Deviation from linoiirity is strictly a>n- 
sidered as an error only if a linear output is claimed. 

iv) Interference Errors where kjiown, shall be 
stated in terms of the equivalent level of the 
property to be measured. The specifications of 
interfering components, their concentration 
levels and lest methods shall be made by agree- 
ment between the manufacturer and the user 
except where other publications in this series 
stale specific requirements. 



v) Repeatability 

This value is to be stated on the basis thai no 
adjustments shall be made by external means 
during the test. 

vi) Stability 

This value is to be stated on the basis that no 
Hdjustments shall be made by external means 
during the slated time intervals. The warm-up 
time is always excluded from the time interval. 
The lime interval shall be chosen from the list 
in 6.7.4. 

4.5 Other Performance Characteristics 

Although no statements of error limits are required for 
the performance characteristics listed below, the 
manufacturer shall state their values or ranges for each 
specified operating range : 

a) Output fluctuation for electronic unit or 
analyzer 

b) Minimum detectable change for electronic unit 
oranaly/er 

c) Delay time (rio) 

d) Rise (fall) limes (7rrr) 
c) 90% lime (TiH)) 

() Warm-up time for electronic unit or analyzer 
g) Operating period for sensor unit or analyzer 
h) For sensor unit or analyzer, the quantitative 
effect on indicated value of the property to be 
measured produced by variation of the sample 
temperature 
j) For sensor unit and analyzer, the quantitative 
effect on indicated value of the properly to be 
measured produced by variation in the sample 
pressure 
k) For sensor unit and analyzer, the quantitative 
effect on indicated value of the properly to be 
measured produced by any other s;ii»ple condi- 
tions (for example flow rate) 

4.6 For analyzer, the manufacturer shall state if the 
sensor unit of (he analyzer can be replaced only by an 
exact equivalent of the original or also by any sensor 
unit having the same characteristics. In the latter case, 
he shall give the necessary specifications of the sensor 
unit. 

5 RECOMMENDED STANDARD VALUES AND 
l^NGES OF INFLUENCE QITANllTIES 
AFFECTING THE PERFORMANCE OF! HE 
ELECn RONIC UNIT 

The rated ranges of use of the influence quantities 
below have been divided into the following three usage 
groups: 

1 : For indoor use under conditions which are 
normally found in the laboratories and fac- 
tories and where apparatus will be handled 
carefully. 

11 : For use in environments having protection 
from fttll extremes of environment and 
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under conditions ofhandling betAveen those 

of Groups I and III. 
Ill : For outdoor use and in areas where the 

a ppa ra liis nia y be subjected to rough ha ndii ng. 
NOTE — lliese influence quftniities generally affect the 
electronic units directly and apply spccirically to them. 
The sensor units, l>eing immersed in the sample are 
affected primarily by the sample conditions and these 
influence quantities do not relate to them. In the case of 
in situ analyzers, where both sensor units c\\\(} electronic 
units are immersed in the sample, the sample conditions, 
rather than these intluence quantities, relate to the 
electronic unit also. I'he etlects of the external environ- 
ment on the sensor unit may need to be slated separately. 

5,1 Climatic C'onditions 

5.1.1 Ambient Temperature 

- Rea^rence value : 20"C, ifC, 25^C, IS'^C or 
ITC 

±2"C 

I : + 5"C to + A{fC\ 

II :-l(fCto + 55^C;and 

III :»25''Cto+70^C. 

Equal to the rated range of 
use unless otherwise stated 
by the manufacturer. 

- 40''C to +70°C. 



Tolerance on 
reference value : 

Rated ranges of use: 



Limit range of 
operation 



- Limit range for 
storage and 
transport 

5.1.2 Relative Humidity of the Air 

Because extreme values of Ixith temperature and 
humidity are not likely to occur simultaneously, the 
manufacturer may specify the time limit over which 
these may be applied and shall specify the limitations 
of the combination, if any, for continuous operation. 

Reference range at : 45 percent to 75 percent. 



2(fC, 23''C, 25''C 
or27"C 

Rated ranges of use 



Limit range of 
operation 



I : 20 percent to 80 per- 

cent excluding con- 
densation; 

II : 10 percent to 90 per- 

cent including con- 
densation; and 

III : 5 percent to 95 percent 

including condensa- 
tion. 

Equal to the rated range of 
use unless otherwise stated 
by the manufacturer. 

To Ix" stated by the 
manufacturer. 



- Limit range for 
storage and 
transport 

5.1.3 Barometric Pressure 

- Reference value : Existing local barometric 

pressure 



- Range of reference : "70 to 80 kpa" 
value 

- Rated ranges of use : I and II : 

± 5 percent of any mean 
loca 1 ba ronietric p ressu re 
between 70.0 kPa and 
106.0 kPa- 

III : To be stated by the 
manufacturer. 

- Limit range of : Equal to the rated range of 
operation use unless otherwise stated 

by the manufacturer. 

- Limit range for : To be stated by the 
s I o ra ge a nd nui n u fa ctu re r. 

transport 

5.1 A Heating Effect Due to Solar Radiation 

- Reference value : No direct irradiation 

- Rated ranges of use: I and II : 

No direct irradiation; 

III : The combined effect 
of solar radiation plus 
the ambient tempera- 
ture should never 
cause the surface 
temperature to exceed 
that which is obtained 
a tan ambient tempera- 
ture of 70''C alone. 

- Limit range of : Equal to the rated range of 
operation use unless otherwise stated 

by the manufact^irer. 

- Limit range for : To be staled by the 
storage and manufacturer. 

transport 

5.1.5 Velocity of the Ambient Air 

- Reference range : m/s to 0.2 m/s 

- Rated range of use : I and 11 : 

m/s to 0.5 m/s, and 

III : m/s to 5 ni/s. 

~ Limit range of : Equal to the rated range of 
operation use unless otherwise stated 

by nuinufacturer. 

5.1.6 Sand and Dust Contents of the Air 

- Reference value : No measurable contents. 

- Rated ranges of use: I and II : 

Negligible contents (that is, 
will have negligible effect 
on the analyzer); 
III : To be stated by the 
manufacturer. 

- Limit range of : Equal to the rated range of 
operation use unless otherwise stated 

by manufacturer. 
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- Limit range for : To be staled by inanufac- 
storagc and hirer. 

transport 

5.1.7 Salt Contents of (he Air 

- Reference value : No measurable contents. 

- Rated ranges of use: 1 and 11 : 

Negligible contents. 
Ill : To be stated by the 
manufacturer. 

- Limit range of : To be stated by the 
operation ma nufa ctu re r 

- Limit range for : To be stated by the 
storage and manufacturer, 
transport 

5.1.8 Contam'mat'mg Gas or Vapour Contents of the 
Air 

- Reference value : No measurable contenls. 

- Rated ranges of use: 1 to III : 

To be stated by the 
utanufacturer. 

- Limit range of : To be stated l^y the 
operation manufacturer. 

- Limit range of : To be slated by the 
storage and manufacturer, 
transport 

5.1.9 Liquid Water Contents of the Air 

- Reference value : No measurable contents 

- Rated ranges of use: I : Negligible contents; 

II : Drip water; and 

III : Splash water. 

- Limit range of : To be staled by the 
operation manul^icturer. 

- Limit range for : To be slated by the 
storage and manufacturer, 
transport 

5.2 Mechanical Conditions 

5.2.1 Operating Position 

- Reference value : Position as stated by the 

manufacturer. 

- Tolerance on : ± L' 
reference 

- Rated ranges of use: 1 and II : 

Reference position ± 30 
percent; and 

III : Reference position ± 
90 percent. 

- Limit range of : To be stated by the 
operation manufacturer. 

- Limit range for ; To be slated by the 
storage and uuiuufacturer. 
transport 



To be staled by the 
manufacturer. 



NOTE- Tliese rated ranges of use should be understood 
only for the electronic units without orientation-sensitive 
indicators. For electronic units with built-in orientation- 
sensitive indicators the manufacturer should make 
suitable statements. 

5.2.2 Ventikition 

- Reference value : Ventilation not obstructed. 

- Rated ranges of use: I to 111 : 

To be stated by the 
manufacturer. 

- Limit range of 
operation 

5.2.3 Vibration 

- Reference value : No measurable value. 

- Rated ranges of use : I : Negligible value; and 

II and 111 : 

To be staled by the 

manufacturer. 

- Limit range of : To be stated by the 
operation manufacturer. 

- Limit range for : To be stated by the 
storage and manufacturer. 

transport 

5.2.4 Mechanical Shock 

~ Reference value : No measurable value 

- Rated ranges of use : I to 111 : 

To be stated by Ihc 
manufacturer. 

- Limit range of : To be stated by the 
operation manufacturer. 

- Limit range for : To be stated by the 
slorage and manufacturer 

transport 

5.2.5 Sound Pressure 

- Reference value : No measurable value. 

- Rated ranges of : I to III : 
To be stated by the 
manufacturer. 

To be stated by the 
manufacturer. 



use 



- Limit range Ibr 
slorage and 
transport 

5.3 Radiation 

- Reference value 

- Rated ranges of use 



Limit range of 
operation 



To be stated by the 
manufacturer. 

1 to III : 

To be stated by the 
manufacturer. 

To be stated by the 
manufacturer. 
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5.4 Mains Supply Conditions 

5,4.1 Mains Supply Voltage (Considering a Distorted 
Waveform) 

D.C.andA.C. A.C 

(r.ni.s,) (peak) 



- Reference value : 


< Rated valut 


; * 


- Tolerance on 
reference value : 


± 1% 


±2% 


- Rated ranges 

of use : I 
II 


± 10% 

- 12% to 
+ 10% 


±12% 
- 17% to 
+ 15% 


III 


To l:>c stated by 
manufacturer 


the 



5.4.2 Mains Supply Frequency 

- Reference value : Rated frequency 

- Tolerance on : ± 1 percent 
reference value 

- Rated ranges of use: I and [\ : ] 

± 5 percent \ 
III : + 10 percent J 

(Unless otherwise 
stated by the manufac- 
turer). 

- Limit range of : To l:>e stated by the 
operation manufacturer. 

5.4.3 Distortion ofa.c. Mains Supply 

The distortion is determined by a factor (3 in such a 
way that the wavefonn is inside an envelope formed 
by: 

Yj = (1 + (5) Asin wt 

Y2 + (I - P) Asin wt 

- Reference value : (5 = 0. (sine wave) 

- Tolerance on : p = 0.05 
reference value 

- Rated ranges of use: I : (3 = 0.05; and 

Hand III: 
p = 0.10. 

- Limit range of : To be stated by the 
operation manufacturer. 

The values are valid when the analyzer is connected to 
the supply mains. 
NOTES 

1 The above formulae may ix applied over the half cycle 
or a full cycle depending on whether the zero crossings 
are equally spaced or not. 

2 If the ac peak voltage exceeds the values stated in 5.4.1, 
the mains supply under consideration cannot be used. 

6 VERIFICATION OF VALUES 

6.1 Compliance tests shall be performed with the 
apparatus ready for use (including accessories) after 



wann-up time and after performing adjustments ac- 
cording to the manufacturer's instructions. 

In the case of special applications where these tests are 
not appropriate, additional test procedures may l^e 
agreed upon between the manufacturer and the user. 

6.1.1 In general, measurements for verification shall 
be carried out with instruments which do not 
appreciably (or only caiculably) affect the value to be 
measured. In principle, the errors in measurements 
made with these instruments should be negligible in 
comparison with the errors to be determined. (See 
also 6.2). 

6.1.2 When the error of the test instrument is not 
negligible, the following rule should apply: 

If an apparatus is claimed to have a limit error of 
± e percent for given performance characteristics and 
the manufacturer used for its checking an instrument 
resulting in an error of ± n percent, the error being 
checked shall remain l:>etween the limits ± (e - n) 
percent. 

Likewise, if a customer checks the same apparatus 
using another instrument resulting in an error of 
measurement of ± m percent, he is not entitled to 
reject the apparatus if its apparent error exceeds the 
limits ± e percent but remains between the limits 
± {e + m) percent. 

6.1.3 Unless otherwise specified, the influence quan- 
tities shall be at reference conditions during the tests 
concerned and during the tests the apparatus shall be 
supplied with its rated voltage and frequency. (See also 
6.6). 

6.1.4 The sensor unit shall Ix; in optimal conditions as 
specified by the manufacturer and due consideration 
shall be given to the flow conditions around the sensor. 

6.1.5 Adequate agitation of all test solutions shall be 
provided, if required. 

6.2 Test equipment shall include all of the necessary 
test solutioas. (See 3.4 and 3.5), 

6.2.1 Test equipment shall also include appropriate 
simulators for testing electronic units in those cases 
where such units are supplied separately from sensor 
units and for sensor units in such cases where they are 
supplied separately from electronic units. In these 
cases, 6.1.1 and 6,1.2 apply to the simulators. 
Specifications for appropriate simulators may vary 
from one type analyzer to another. Therefore, such 
specifications are covered in the parts of Indian Stand- 
ards dealing with specific analyzers, 

6.3 During tests, adjustments by external means may 
l^e repeated at the intervals prescribed by the manufac- 
turer or at any suitably interval, ifsuch adjustment docs 
not interfere with the error to be checked. 

Adjustments shall also be performed when error values 
have expressly been quoted to be valid only after such 
adjustment. Measurements shall then be made imme- 
di(|tely after such adjustmcn so that any drift will not 
intluence them. 

6.4 When measuring the intrinsic error of a perfor- 
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itiance characteristic, the combination of values and/or 
ranges of influence quantities shall remain within the 
reference conditions which include relevant tolerances 
on reference values. 

6.5 When measuring the operating error of a perfor- 
mance characteristic, the combination of values and/or 
ranges of iniluence quantities may vary up to the limits 
of the rated operating conditions. 

6.6 When measuring the iniluence error of a perfor- 
mance characteristic due to an influence quantity, all 
other quantities shall remain within reference condi- 
tions. The relevant influence quantity may assume any 
value within its rated range of use. 

6.7 Test Frocediii-es for Electronic Units 

Procedures for sensor units alone and for complete 
analyzers are described in the subsequent parts of 
Indian Standards for specific analyzers since they vary 
for different types. These tests are repealed for each 
rated input range. The errors may be expressed as 
al>so!ute errors, relative errors or percentage errors, but 
the one selected shall be identified. Where one of the 
modes of expression is specified, it shall Ix^ used. 

6.7.1 Operating Error 

Using an appropriate simulator, a signal representing 
the approximately mid-scale value of the rated input 
range is applied to the electronic unit. With all influence 
quantities at their reference values, the output reading 
of the unit is recorded, in terms of the units of the 
proprty to be measured. 

'In turn, the ambient temperature, the rehitive humidity, 
the power supply voltage and the power supply fre- 
quency are shifted to the limits of their rated operating 
conditions and the output readings are recorded for 
each condition. 

The maximum deviation in recorded values shall be 
within the stated operating error. 

NOTE - When temperature or humidity is shifted, suffi- 
cient time should be allowed to observe the maximum 

effect. 

6.7.2 Linearity Error 

At least five approximatey uniformly distributed sig- 
nals, with two of them representing very nearly the 
limits of the rated input range of the electronic unit, are 
applied from a simulator and the readings are recorded. 
A straight line drawn between the indicated values at 
the upper and lower limits of the elective range. 
The maximum deviation between the recorded values 
and this straight line is the linearity error. It is expressed 
in tenns of the units of the property to be measured. 

NOTE — This test should be combined with the 
repeatability test. The uncertainty hmits due to 
repealabiiity should be taken into acaiunl. 

6.7.3 RepeatabiUty 

Using an appropriate simulator, signals representing 
approximately the minimum and the maximum rated 
input values are applied to the electronic unit and the 
indicated values are recorded. 



These steps are repeated A^ times (where N ^6) and the 

standard deviation is calculated for all A^ values 

recorded (for each input value). 

The mean standard deviation is calculated and 

reported. 

6.7.4 Stability 

Using an appropriate simulator, signals representing 
approximately the minimum and the maximum rated 
input values are applied to the electronic unit and the 
indicated values are recorded. 

These steps are repeated after the specified time inter- 
val and the differences for both sets of readings are 
reported. 

The time interval for which the stability limits are 
stated should be chosen appropriately for the specific 
application from the following values: 

15 min 7 days 

1 h 30 days 

3 h 3 months 

7 h 6 months 

24 h 1 year 

6.7.5 Output Fluctuation 

Using an appropriate simulator, a signal representing 
the approximately mid-scale value of the rated input 
range is applied to the electronic unit for a period of 
5 niin and the maximum peak-to-peak value of the 
random, or regular, deviation from the mean output 
is determined. 

The test is repeated three times and the average of the 
readings is reported in terms of percentage of the span. 
NOTES 

1 For the purpose of this standard, spikes caused by the 
intluence of external electromagnetic fields or by supply 
mains spikes are ainsidered as due to changes in in- 
tluence quantities and are, therefore ignored in the deter- 
mination of output tluctuation. 

1 In the case of the electronic unit or analyzer having 
variable time constants in the output circuit, the output 
tluctuation shall be stated for the same time constant as 
used for the statement of delay time rise time, fall lime 
and 90% lime. 

6.7.6 Delay Time (T^oh Rise (Fall) Time (T,, Tf) and 
90 Percent Time (Joo) 

Using an appropriate simulator, signals representing 
the minimum and maximum rated input values are 
applied successively to the electronic unit and left until 
a constant reading is obtained on the recorder chart. 

The values for delay time (Tio) for both increasing and 
decreasing step changes, rise time (Ty), fall time (7f) 
and 90 percent time (Tt}Q) for both increasing and 
decreasing step changes are determined through 
knowledge of the chart speed. The larger of the two 
delay times, the largerof rise or fall time and the larger 
of the two 90 percent times are reported. {See Fig.l ). 

6.7.7 Warm-up Time 

The electronic unit is switched off and all of its com- 
ponents are allowed to cool to the reference tempera- 
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lure. The unit is switched on and, using an appropriate 
simulator, a signaJ representing between 75 percent 
and 95 percent of the span is applied to the electronic 
unit, and the reading is recorded. Recording is con- 
tinued until the deviation in reading over a 15 min 
period is not greater than the sum of the stated 
repeatability and stability. 



Wann-up time is detemiined as the interval from the 
time the electronic unit is switched on until the begin- 
ning of this 15 min period. 

NOTE - This test does not include the warm-up time for 
i\n automatic temperature compensating circuit if its sen- 
sor would 1^ located with the electromechaniail sensor 
unit. 



ANNEX A 
(Clause 2.1) 

LIST OF REFERRED INDIAN STANDARDS 



IS No. Tide 

6756 : 1972 Technical documentation to be supplied 
with electronic measuring equipment 

9176 : 1979 Method for specifying liie (iinclioiial pertbr- 
manceofthe electronic measuring a]uipment 

7722 : 1975 Analogue pneumatic signals for process 
control systems 



IS No, Tale 

9858 : 1981 Safety requirements for electronic 
measuring apparatus 

7728 : 1984 Analogue document signals for process 
control systems (first, revision) 

13673 Expression of performance of 

(Part 2) : 1993 electrochemical analyzxrs: Part 2 pH 
Value 
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